INTRODUCTION
Globally, it is estimated that each year 5 million deaths are attributable to smoking, with trends driving an increase to 10 million deaths per year by the 2030 s. 1 In response, WHO has set out the Framework Convention for Tobacco Control (FCTC), 2 and the MPOWER Report 3 has defined a set of demand-reducing policies that are consistent with the FCTC. Substantial evidence indicates that higher cigarette taxes, smoke-free air laws, marketing bans, media campaigns and cessation treatment policy can markedly reduce adult smoking rates. 4 5 In Russia, 14% of all deaths, or about 300 000 deaths each year, are attributed to tobacco smoking. 6 Male smoking prevalence (60%) is the highest in the European region, and female smoking prevalence increased from 10% to 21% during the last 15 years. 7 8 Since ratification of the FCTC in June 2008, the Russian Federation has adopted stronger smoke-free air laws and advertising restrictions, implemented stronger health warnings, and initiated a tobacco control campaign. However, much remains to be done in order to meet the FCTC requirements. The document 'Conception of policy implementation directed against tobacco use for the period 2010-2015' was developed as a first step toward FCTC implementation in Russia. 9 Most studies have examined the effect of only one or at most two tobacco control policies, 10 because the ability to distinguish their effects on smoking rates is limited. Simulation models combine information from different sources to examine how the effects of public policies evolve over time. 11 12 Models examining the effect of tobacco control policies have been developed by Mendez and Warner, 13 Tengs et al, 14 Ahmad, 15 and Levy et al. 12 16 The SimSmoke model of Levy et al simultaneously considers a broader array of public policies than other models 17 and has been validated for many countries. [18] [19] [20] [21] [22] [23] [24] In order to examine the effect of tobacco control policies on past and future smoking rates in Russia, a modified version of SimSmoke, called Russia SimSmoke, has been developed for the Russian Federation. Using data from Russia on population size, birth, death and smoking rates, SimSmoke predicts smoking prevalence and the number of smoking-attributable deaths (SADs) by age and gender in the absence of policy change. The model also shows effects of recent policies implemented in Russia and a strong set of additional policies consistent with meeting all the FCTC requirements.
METHODS

Basic model
SimSmoke includes population, smoking and SAD models, and separate policy modules. 12 16 21 The simulation model begins in a baseline year with the population divided into smokers, never smokers, and previous smokers by age and gender. The Russia model starts in 2009 because it was before major policy changes and the large-scale Global Adult Tobacco Survey (GATS) was available. 8 Applying a discrete time, first-order Markov process, population growth evolves through births and deaths, and smoking rates evolve through smoking initiation, cessation, and relapse rates.
Smoking rates shift due to changes in tobacco control policies. SADs are estimated using smoking rates and relative smoking risks. Further detail on the model is provided in the online supplementary report.
Population model
Population, fertility and mortality data by gender and 5-year age group for 2009 were obtained from Official Statistics of the State. 25 The effects of international net migration are low and were not incorporated into the model.
Smoking model
In SimSmoke, individuals are classified as never smokers from birth until they initiate smoking or die, from current to former smoker through cessation, and from former to current smoker through relapse. The extent of relapse depends on the number of years since quitting.
The prevalence of current and former smokers is based on the 2009 GATS. 8 Due to empirical challenges in measuring initiation and cessation and in order to ensure stability of the model, initiation rates at each age are measured as the difference between the smoking rate at that age year and the rate at the previous age year. In 2009, smoking rates reached a maximum of 70% for males for the 28-year age group and 41% for females for the 21-24-year age group. From GATS, 32.1% of current and former (<12 months) smokers had made an attempt to quit in the last 12 months, and 11.2% were successful in quitting, implying a 3.5% (0.32.×0.11) cessation rate. A 50% and 40% relapse rate was applied to the first year cessation rate for ages 28-65 years and 65 years and above, respectively, reflecting the higher success of quitting rates of those at later ages when the smoker often quits for health reasons. 26 Because data were not available for Russia, US relapse rates by years quit 26 27 were applied to former smokers after the first year.
Smoking-attributable deaths
SADs are determined by excess smoking risks of current and former smokers. 28 Death rates were first calculated by age, gender and smoking categories (never, current and 6 former smoker groups) using data on death rates, smoking rates and relative risks. The number of smokers at each age is multiplied by the difference between mortality risk of current or former smokers and never smokers to obtain the SADs. The results are summed over smoking groups for all ages to obtain the number of premature SADs.
Perlman and Bobak 29 have obtained relative mortality risks of smoking for post-transition Russia similar to those of the USA. 30 Consequently, relative risk estimates of 2.1 from the US Cancer Prevention Study II were used. Relative risks declined at the observed US rate for former smokers. 30 
Policy effects
The policy parameters are based on reviews of past policy evaluation studies and the advice of an expert panel, and are adjusted to reflect characteristics of a middle-income nation. Policies and effect sizes are summarised in table 1. Policy effect sizes are in terms of percent reductions applied to smoking prevalence in the year in which a policy is implemented and, unless otherwise specified, applied to initiation and cessation rates in future years if the policy is sustained. In the absence of synergies, the effects of a second policy are reduced by 1, the effect of the first policy.
In the model, the effect of a policy on smoking prevalence in a particular nation depends on its initial level (eg, the incremental effect of a complete worksite-law ban is less when a nation already has a partial worksite ban). Because policy levels and all changes in policy affect the future path of smoking prevalence in SimSmoke, policy levels are tracked from 2009 to the most recent date (2013) and sustained up to 2055 ('status quo'). The level of a policy is based on information in the MPOWER report. 3 Beginning in 2015, a stronger set of policies that are consistent with FCTC is expected to be in effect. Effects of such policies through 2015 and up to 2055 are analysed in isolation or in combination.
Changes in price are translated into changes in smoking prevalence through an equation dependent on price elasticities. 31 While price elasticities have been extensively studied, 32 Ross et al 33 report that the few demand studies for Russia indicate price elasticities in the range −0.1 to −0.2. The model uses a measure of average price based on data from the Euromonitor; retail value of cigarettes was divided by retail volume to obtain the average nominal price. Following standard practice, the nominal cigarette price index was then deflated by the consumer price index to obtain inflation-adjusted cigarette prices. The MPOWER Reports 3 indicate that in 2009, about 37% of the price is taxed, of which 21.5% is excise taxes (specific and ad valorem) and the 15.3% is the value added tax (VAT). The excise tax rate increased to 28% by 2012. Future price changes directly reflect excise tax increases in the model.
Smoke-free air laws are applied to (1) worksites, (2) restaurants, (3) pubs and bars and (4) other public places. For each of the bans, the effects depend on enforcement and publicity. The level of publicity is based on the level of tobacco control campaigns. According to MPOWER reports, 3 Russia had a smoking ban in healthcare facilities, educational facilities and theatres and cinemas. The laws were categorised as a weak worksite law, no bans in bars or restaurants, but a ban in other public places. Since about 35% of workers who work indoors are still exposed to smoke in the workplace (GATS), enforcement is set to a level 1 on a 10-point scale.
SimSmoke considers three levels of campaigns: high, medium and low, based on the level of tobacco control campaign expenditures. Campaign intensity begins at low levels in 2009 and increases to medium levels in 2012.
Marketing includes bans on advertising, promotion and sponsorship in the MPOWER report and categorises marketing bans into four levels: (1) no policy, (2) weak advertising ban, (3) total advertising ban and (4) comprehensive marketing ban. The 'On Advertising' law prohibits advertising on the radio, television, in cinemas, in print media, in public transport and on billboards. 3 Russia is denoted as having a total advertising ban since 2009. Since data from GATS indicates that most Russians have seen advertisements, 8 the enforcement level is set at 1 on a 10-point scale.
MPOWER designates 4 levels for health warnings: no policy, weak (<30% of the principal display area of the pack), moderate (covers at least 30% of the display area), and strong (covers at least 50% of the display area and includes seven pack warning criteria). A weak warning was in effect through 2009. At the end of 2009, health warnings increased to 30% of the front of packages, considered a moderate warning. 8 A strong warning is scheduled for 2013.
The cessation treatment module has four primary subpolicies: pharmacotherapy availability, financial coverage of treatments, quit lines and brief interventions. The first subpolicy corresponds to the MPOWER classification regarding availability of nicotine replacement treatment (NRT) and non-nicotine replacement therapy. The provision of cessation treatments is considered in primary care facilities, hospitals, health Compliance checks are not conducted, penalties are weak, and no publicity 3.0% reduction for age <16 in prevalence and initiation only, 2.0% reduction for ages 16-17 in prevalence and initiation only *Unless otherwise specified, the same percentage effect is applied as a percentage reduction in the prevalence in the initial year and as a percentage reduction in initiation rate and a percentage increase in the cessation rate in future years, and is applied to all ages and both genders. The effect sizes are shown relative to the absence of any policy. NRT, nicotine replacement treatment.
professional offices, community and other. Brief interventions would involve, at minimum, a brief intervention by healthcare providers to advise and assist in cessation, and more advanced forms would involve follow-up, training of the providers, and reminder systems. Russia has NRT available in a pharmacy without prescription and Varencline with prescription. 3 Information from Russian Federation staff indicates that coverage has only been provided in some primary care facilities.
A quitline was established in 2010, and the brief intervention index was set to 20% based on the GATS. 8 Youth access policy reflects enforcement, publicity, self-service and vending machine bans, and is categorised as strong, moderate or low. In Russia, youth access is considered at a low level.
Model outcomes
The primary outcomes are smoking prevalence and SADs from 2009 to 2055. We consider the effect of policies implemented since 2009. The model predicts outcomes for tobacco control policies for the status quo where future policies are held constant at their 2013 level and a strong set of policies (in 2015) considered in isolation and in combination and maintained over time. An exception is cigarette excise taxes, which are scheduled to increase from 28% of the retail price of cigarettes in 2014, 40% in 2015, 60% in 2020 and to 70% in 2025 (maintained through 2055). The change in smoking prevalence is calculated in percentage terms relative to the status quo in a particular year. For SADs, deaths averted are calculated as the difference between the number of deaths under the new policy (from a strong set of comprehensive policies) and the number of deaths under the status quo.
RESULTS
The estimates of smoking prevalence (age 15 years and above) in Russia under the status quo and under varying policy scenarios are shown in tables 2 and 3 for males and females, respectively.
The total number of projected SADs for a specific year, and the cumulative total for 2015 through 2055 are shown in table 4.
Smoking prevalence and smoking-attributable deaths under the status quo
Russia SimSmoke predicts smoking rates from the period 2009 to 2015 under status quo policies. Since 2009, inflation-adjusted prices increased by about 3%, quitlines were implemented, media campaigns were intensified and health warnings were strengthened and scheduled to be further strengthened in 2013. SimSmoke predicts that male smoking rates will decrease from 58.6% in 2009 to 51.8% in 2015, an 11.6% (relative) decrease. Between 2009 and 2015, female smoking rates fall from 20.7% to 19.9%, a 4% decrease.
The effect of policies implemented between 2009 and 2013
The effect of policies implemented through 2009 and tracking up to 2055 were estimated by comparing trends with the policies implemented through 2013 to the counterfactual with policies set in the model to their 2009 levels. If the policies implemented since 2009 (including health warnings to be implemented in 2013) had not been implemented, SimSmoke predicts that smoking rates in 2013 would have been about 8% higher for males and females than the smoking rate with the policies actually implemented (57.3% vs 52.7% for males and 21.6% vs 19.8% for females in 2013). Thus, smoking rates would have decreased slightly for males (by about 2%) and increased for females (by about 4%) in the absence of policy. In the absence of the policies implemented since 2009, an additional 1 398 686 (1 012 698 males and 385 989 females) premature deaths due to smoking by the year 2055 are estimated. Much of the gain is due to health warnings, which alone are predicted to reduce rates by about 4.5% by 2013 and by 8% (and averting 900 000 premature deaths) by 2055. over years from 2015 through 2055, 782 372male and 307 853 female deaths are projected to be averted by 2055. The effects of taxes on deaths are delayed because the effects of cessation on death rates are relatively slow to develop, and because the greatest tax effects are on youth prevalence before SADs occur.
Comprehensive smoke-free air laws, with a complete ban on smoking in worksites, bars, restaurant and other public places along with strong enforcement, are predicted to reduce male and female smoking prevalence by 9% relative to the status quo scenario in 2015 and by 12% by the year 2055. For a wellfunded and publicised campaign that is sustained over time, the model predicts about a 5% immediate reduction in smoking prevalence by 2020, increasing to 7% by 2055 for males and females. A comprehensive marketing ban with strong enforcement is predicted to yield a 6% immediate reduction in smoking prevalence, increasing to about a 9% reduction by 
DISCUSSION
Russia SimSmoke applies Russian population, smoking prevalence and policy data and modified parameter values to the established SimSmoke model. Since 2009, excise taxes have been increased, a quitline was implemented, tobacco control expenditures increased and health warnings strengthened in Russia. The model estimated that these policies alone will reduce smoking rates by 12.5% and avert 1.4 million premature deaths by 2055. However, while Russia has implemented some tobacco control policies in recent years, there is still scope to strengthen tobacco control policies consistent with the FCTC legally binding treaty. If all policies meet the FCTC requirements in 2015 and cigarette excise taxes are increased at 5-year intervals reaching 70% in 2025, smoking prevalence can be decreased by about 30% in the first 5 years, increasing to about 50% by 40 years.
Because of the natural progression of tobacco-related illnesses, early reductions in smoking prevalence have a relatively small impact on the number of SADs in the short-term. The relative impact of a comprehensive tobacco policy in 5 years is small compared to the potential impact after 40 years. Without the FCTC-mandated tobacco control policies implemented in 2015, an additional 3.7 million lives will be lost prematurely due to smoking by the year 2055 in Russia. Almost 25% (3.7/16,5) of the 16.5 million smoking-attributable deaths projected by SimSmoke will be averted by 2055 by implementing all FCTC policies. The model is meant to provide guidance to policy makers and show the substantial effect of not adopting FCTC-required demand-reducing policies, especially in a country with weak tobacco control policies. At the same time, the model shows that additional policies will be needed to further reduce smoking prevalence to acceptable levels. Additional policies may include those that limit the supply of tobacco products, such as limiting the sale of tobacco products to specific locations, and reducing tax avoidance and tax evasion.
Results from the model depend on the reliability of the data, estimated parameters and assumptions used in the model. Model predictions should be interpreted in a conservative manner bearing in mind the following limitations. While there is not sufficient survey data after 2009 to validate the Russia model, the predictions of smoking prevalence from the SimSmoke model have been validated against survey data for over 15 countries. [18] [19] [20] [21] [22] [23] [24] The cessation rates are based on data from other countries and the relapse rates are from the USA 27 due to gaps in the Russian data. Better monitoring of cessation rates and the distribution of ex-smokers will help to gauge the impact of tobacco control policies. The initiation rates are based on prevalence rates of those aged 15-28 years in 2009, the year of the GATS survey. However, compared with earlier surveys, these rates appear to have grown considerably over the last 10 years. If female initiation continues to increase, the estimates of female smoking and SADs will be downward biased.
The estimated relative risks for total mortality of smokers is based on studies from the USA 30 and Russia. 29 The risks may be overstated for females, but may be expected to increase as those who have begun smoking at an earlier age reach age 50. 34 Notably, the projections also do not include the additional deaths averted due to reductions in second-hand smoke exposure.
The policy modules depend on estimated parameters. Knowledge of the different effects of each policy varies. 4 In previous work, 18 22 24 we have estimated that the effects of excise taxes can be expected to vary by about 25% around the estimates for taxes, but by 50% around the estimates for other policies (with an upper limit of 100% variation around cessation treatment and youth access policies). Better understanding of the interactive effects of policies is also needed.
The model indicates that the consequences of inaction are considerable; without the implementation of a stronger set of policies, smoking prevalence rates will remain relatively stable and smoking-attributable deaths among women will continue to rise in Russia. Increasing cigarette excise taxes, implementing a comprehensive smoke-free air policy and introducing a highintensity media campaign are priority interventions indicated by the model. Significant inroads to reducing smoking prevalence and premature mortality in Russia can be achieved through strengthening tobacco control policies in line with FCTC recommendations.
What this paper adds
Russia has high smoking rates and weak tobacco control policies. A simulation model is used to examine the effect of tobacco control policies on past and future smoking prevalence and premature mortality in Russia. The model shows: ▸ Some policies have recently been implemented, such as higher taxes, a media campaign and health warnings, which have already reduced smoking rates by 8% and prevented 1.4 million smoking attributable deaths (SADs) ▸ To be fully consistent with the FCTC, additional policies are required. These policies will reduce smoking rates by about 50% and prevented about 4 million SADs.
